Terahertz is nonlinearly upconverted to telecommunication wavelengths, resulting in detection with 4.5 pW/Hz 1/2 noise equivalent power and nanosecond temporal resolution. Optical frequencies from an ultrashort pulse mix, generating 3 mW of broadband terahertz. © 2008 Optical Society of America * OCIS codes: 040.2235, 190.1900, 190.2620, 190.4410, 190.7220, 230.0040, 230.6080. Component technology in the near infrared is much more advanced than that in the terahertz or far infrared. More specifically, detectors at telecommunication wavelengths can count single photons at gigahertz bandwidths. Near infrared sources such as ti-sapphire and erbium doped amplifiers can emit a few watts of power. So, researchers have sought to leverage the more mature optical components to improve terahertz technology. Terahertz radiation can be mixed in a nonlinear χ(2) crystal with 1 μm [2-4] and 1.5 μm [5] optical pumps to generate optical sidebands. These upconverted terahertz signals, or idler photons, can then be detected with conventional optical receivers. Likewise, also from a χ(2) process, terahertz sources can be synthesized by beating two optical frequencies (eg, [2, 3, 6-10]). The resulting terahertz frequency is a difference of the two optical pump frequencies.
The terahertz source relies on a frequency down conversion process commonly called optical rectification. The pump laser is a 100 fs, regeneratively amplified ti-sapphire oscillator. Since 100 fs pulses have a couple terahertz of optical linewidth, the "red" and the "blue" frequency components of the same optical pulse mix in a χ(2) crystal to generate terahertz. Although this has been demonstrated early on in lithium niobate [6] , the powers generated with this collinear technique have been relatively modest. Recently researchers have used a diffraction grating to disperse different frequencies into different angles and added a focusing lens to reimage the light onto the crystal. Because the "red" and "blue" components are at different angles, the intensity front of the light at the crystal is sharply tilted, resulting in greatly enhanced velocity matching [7] . This pump tilting leads to improved conversion efficiency and increased terahertz power. The generated terahertz exits at a large angle from the optical pump light direction.
Here, a 6 mJ pulse at 1 kHz repetition rate was tilted and focused on a 0.6% MgO-doped stoichiometric lithium niobate crystal at room temperature. Details of the setup can be found in reference [8] . The spectrum of the generated terahertz can be found in figure 2 . Most of the energy falls between 0.5 to 2.5 THz. Electro-optic sampling with a 1 mm ZnTe crystal measures the terahertz pulse to be 1 ps wide. The pump-to-terahertz energy conversion efficiency is 7·10 -4 so the average terahertz power is 3 mW. To our knowledge, this is the highest reported terahertz power generated by any frequency conversion method.
Nonlinear χ(2) crystals can also be used to generate narrow band but tunable terahertz radiation as shown by many groups (for example, see [2, 3, 9, 10] ). Other groups have used GaAs as χ(2) crystal [9] and 1550 nm as pumps [10] , but here we combine both approaches and mix in GaAs optical pulses centered about 1550 and 1558 nm. Both wavelengths are amplified by a single erbium doped fiber amplifier. The average power is 3 W and the peak power is 1.5 kW. The terahertz power from this "first light" measurement is about 5 nW average power.
In conclusion, we demonstrated very sensitive and fast terahertz detection using frequency upconversion with relatively modest 1550 nm pumps. We have also shown that we can generate terahertz using GaAs and erbium doped fiber amplifiers. Using more powerful amplifiers and noncollinear optical rectification, we have generated 3 mW of broadband terahertz with an energy conversion efficiency of 7·10 -4 . 
